antibody. Therefore, Hac1p binds directly to the UPRE, and another chapter in this regulatory tale appears to Howard Hughes Medical Institute be wrapped up in a satisfying fashion.
Figure 1. The Source of the Phosphate at the mRNA Exon-Exon Junction
This phosphate is circled. The 5Ј and 3Ј exons are labeled. On the left is depicted the second step of pre-mRNA splicing. The key phosphate is between the last nucleotide of the intron and the first nucleotide of the 3Ј exon. The intron is in the form of a lariat-intermediate after the first step of splicing. The phosphodiester bond containing this phosphate is attacked by the 3Ј end of the 5Ј exon and retained in the mRNA product at the exon-exon junction. On the right (top) are depicted the two substrates of the multiple tRNA splicing kinase and ligase reactions (indicated by multiple arrows). The key phosphate is derived from an exogenous nucleotide, which serves as the source of phosphate added to the 5Ј end of the 3Ј exon. It is retained and becomes the phosphate at the mRNA exon-exon junction.
The suggestion of novel splicing features is immedisuggestion is that the tRNA ligase gene functions to ligate the two half molecules subsequent to endonucleoately apparent from the intron sequence: the 5Ј ss (splice site) and 3Ј ss are unprecedented for yeast pre-mRNAs lytic cleavage (see Figure 1 , right panel); in the absence of functional or adequate ligase activity, the half mole- (Rymond and Rosbash, 1992) . Although there is an ambiguity in the precise intron location, neither possibility cule substrates are rapidly degraded. The provocative speculation is that a tRNA-processing-like mechanism has canonical GT and AG sequences at the 5Ј and 3Ј ends of the intron. But there is also a branchpoint-like splices a pre-mRNA. Control experiments address two related issues. First, sequence in a reasonable location close to the 3Ј ss; although the sequence is very similar to the highly conas the tRNA ligase mutant allele has no effect on RNA levels from the intronless gene, the absence of intron served yeast consensus (TACTAA*GA rather than TAC TAA*CA; the * follows the A residue that forms the sequences per se does not lead to rapid degradation of HAC1 i mRNA. Second, the rlg1-100 allele has no branch), the G is unusual if not unique. These cis-acting sequence features are complemented by an unexpected effect on tRNA splicing. Because the RLG1 gene and tRNA splicing are essential for viability, this suggests splicing factor uncovered in the second genetic screen (Sidrauski et al., 1996) . that the missense allele affects HAC1 u splicing specifically: either rlg1-100 is a weak loss of function allele By constructing a strain conditionally dependent on the UPR for survival, Sidrauski et al. (1996) were able and the UPR pathway is more sensitive, or the mutation affects the protein in a pathway-specific fashion. to carry out a synthetic lethal screen for mutants unable to induce the pathway. This resulted in a curious finding:
There is certainly something unusual going on here, because HAC1 u splicing is also insensitive to two classithe identification of a missense mutation in the well studied tRNA ligase gene (RLG1; Apostol et al., 1991) .
cal PRP (pre-mRNA processing) temperature-sensitive (ts) mutants. PRP2 encodes an RNA-dependent ATPase Further characterization made it certain that this allele (rlg1-100) is sufficient to prevent induction of the paththat is an essential pre-mRNA splicing factor. PRP8 encodes a component of U5 snRNP, which is also essential way and that this is due to the absence of spliced mRNA. The RNA analysis makes the story even more intriguing, for splicing. Both proteins are necessary prior to the first catalytic step, 5Ј splice site cleavage and lariat as activation of the pathway in the mutant background not only inhibits splicing but also causes the disappearformation. Heating the two ts strains inhibits the splicing of all known pre-mRNA splicing substrates (Rymond ance of pre-mRNA, i.e., the HAC1 u mRNA species. The and Rosbash, 1992). But the levels of HAC1 mRNA are example, a PRP protein could contribute to nuclear retention of the HAC1 primary transcript, thus preventing unaffected, consistent with the notion that it is produced through a novel splicing pathway. The half-life of the cytoplasmic transport prior to nuclear splicing. Testing known pre-mRNA splicing components in addition to spliced mRNA is about 20 minutes, indicating that the wildtype-like mRNA levels are not due to preexisting Prp2p and Prp8p might identify relevant protein factors. Alternatively, the apparent branchpoint conservation mRNA that persists stably during the 2-3 hour incubation at the non-permissive temperature. So it would may be fortuitous. One of these mechanistic possibilities might emerge seem that the genetics is also providing us with strange biochemical bedfellows: no effect from inactivation of with further application of the holy trinity of modern biology: molecular biology, biochemistry, and genetics. the conventional pre-mRNA splicing factors Prp8p and Prp2p; a pre-mRNA with an unusual but semi-convenMutagenesis of the intron should indicate the importance of the splice sites and putative branchpoint setional branchpoint sequence; and a role for tRNA ligase.
It is possible that the effect of the single tRNA ligase quences. It might also be informative to examine the HAC1 intron sequence in closely related yeast species allele rlg1-100 is indirect and reflects an epiphenomenon unrelated to HAC1 RNA ligation. Based on this reato examine the phylogenetic conservation of intron sequence and structure. Is there something that resembles soning, the CC-CG (or the alternative, GC-CC) 5Ј and 3Ј splice site sequences and the branchpoint sequence tRNA? Does the enzyme recognize exon or intron elements? Biochemistry should provide a definitive distincmight presage a situation not unlike the recently described AT-AC intron family in higher eukaryotes (Hall tion between a pre-mRNA-like mechanism and a tRNAlike mechanism. For example, an in vitro system that and Padgett, 1994; Hall and Padgett, 1996; Tarn and Steitz, 1996a,b) . The analogy predicts a classical precan accurately splice HAC1 pre-mRNA should identify the source of the phosphate at the exon-exon junction mRNA splicing mechanism and a dedicated set of splicing factors for HAC1 expression. It also predicts the of the final mRNA product. In tRNA splicing, the phosphate is derived from a nucleotide cofactor; in preexistence of PRP8-and PRP2-like genes, which would explain the absence of a splicing effect in the classic ts mRNA splicing, it comes from the 3Ј splice site (see Figure 1 ). Finally, further genetic screens should identify mutant strains. In addition to ignoring tRNA ligase, the hypothesis has an additional liability: the sequenced additional splicing components if there are more to be found. Of course, we should not be surprised if genetics yeast genome does not have obvious PRP8-and PRP2-like genes. They could of course be functionally related continues to take this story in unexpected directions. to PRP8 and PRP2 without looking very similar at the
